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(57) Abstract 

A pair of nasal prongs (15), suitable for insertion into the lower portion of the nares, join together via a small plenum chamber 
(16) to form a single tube (17) conveying the nasal pressure towards an electt-ical pressure transducer (19). Another prong (20) is held in 
proximity with the patient's mouth. A baffle element (25) extends downwards from a location above the open end of the prong (20) to 
redirect a portion of oral airflow. The oral tube (21) extends towards the electrical pressure transducer (19), and conjoins with the nasal 
tube (17) at a junction (22) to form a common tube (18) connected to the pressure transducer (19). The relative lengths and/or diameters of 
the nasal tube (17) and the oral tube (21) are arranged so that the respective pneumatic impedances arc different, so that the contributions 
of respiratory airflow from each of said mbes (17. 21) are substantially equal. 
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MONITORING OF ORO-NASAL RESPIRATION 

Field of the Invention 

This invention relates to apparatus and methods for monitoring oro-nasal 
respiration. 

Background of the Invention 

In the medical study of respiration; including monitoring during sleep, it often 
is important to detect and classify respiration using the least invasive method possible. 
To this end the measurement of airflow in the proximity of the nose and mouth (i.e. 
oro-nasally) is an established technique. Although the majority of people breath 
through their nose while asleep it is important also to monitor oral airflow. The failure 
also to monitor oral airflow may lead to misinterpretation of mouth breadiing as a 
cessation (apnea) or reduction (hypopnea) in respiration. 

One of two methods of measurement are conventionally used to monitor oro- 
nasal airflow. The first is based on the location of a thermistor (or thermistors) in the 
oral and nasal airflows, as shown in Fig. 1. The thermistors 1 are connected to 
electronic circuitry 2 which measures their electrical resistance and outputs a signal 3 
indicative of this resistance and/or a change therein. Airflow past the thermistor is 
measured by the increase in temperature of the exhaled air relative to ambient, as 
shown in Fig. 2, or alternatively by the cooling effect of a moving airflow past a 
thermistor which is warmed above ambient by an electrical current passing through it. 

While this method of measurement is convenient and cheap, the low frequency 
cut-off point of the filtering circuitry necessary to remove noise from the flow signal to 
make it useable also removes higher frequency elements indicative of snoring or 
respiratory flow limitation. The phase response of such filtering also may distort the 
timing of respiration. 

A second known method of measuring oro-nasal airflow, shown in Fig. 3, uses 
the well known pitot tube or Bernoulli effect, whereby a pressure which varies with 



wo 96/41571 

PCT/AU96/00347 



flow rate is generated in a tube 4 by placing its open end parallel with, or at some 
intermediate angle to, the flow. The other end of the tube terminates at an electrical 
pressure transducer 5, the output signal 6 of which thus varies with flow rate. 

Unlike the thermistor technique, the flow measurements derived from the 
pressure transducers 5 have a bandwidth adequate for detecting both snormg and flow 
limitation. Fig- 4 shows a typical pressure signaHllustrating both instances. Such 
systems are routinely used for the detection of nasal respiration, but their use in 
measurmg oral respiration is problematic due to *e lower flow velocities often found in 
the wider oral cross-section compared to the narrower nasal passageway. 

When the pressure transducer prior art method is used to measure both nasal 
and oral airflow, normally only one pressure transducer is fed by two sources Two 
tubes 7 are located at the periphery of or just inside, the nares, and another single (or 
double) tube 8 is located in the vicinity of the lips, as shown in Fig. 5. These tubes 
join downstream into a common tube 9 in communication with the circuitry 5. 

Oral flow measured in this way gives a significantly lower output (typically a 
factor of 6) from the pressure transducer than nasal flow. Additionally, the oro-nasal 
tube configuration further attenuates the oral flow by a factor of about two because for 
zero nasal flow there is a pressure drop down the tubing path from the oral inlet 8 to 
the nasal inlets 7, as exemplified in Fig. 6. This pneumatic "potential divider" effect is 
presem in all configurations where two tube inlets Join together via similar tubes. 

The sensitivity of the oral channel also is highly dependent on the positioning 
of the oral tube 8. As shown m Figs. 7a and 7b, if the tube end 10 is located in the 
centre of the airflow for exhalation with slightly opened lips 11 it will become 
insensitive if the mouth is opened further and the airflow profile changes. 

Smnmary of the IiiTention 

The present invention is directed to overcoming or at least ameliorating one or 
more of the problems associated with the prior art pressure transducer technique. In 
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one embodiment, the monitoring of oro-nasal respiration by separate oral and nasal 
tubes is arranged so that the signal due to nose breathing and due to mouth breathing 
are of the same amplitude at the point of measurement for any given flow rate. 

Therefore, the invention discloses apparatus for monitoring oro-nasal 
respiration comprising a nasal tube for receiving nasal respiratory flow and an oral tube 
for receiving oral respiratory flow, the pneumatic impedances of the nasal tube and the 
oral tube being arranged to be different so that the contributions of respiratory airflow 
from each said tubes are substantially equal, and electrical transducer means to which 
both said oral tube and said nasal tube are coupled for generating an output signal 
representative of oro-nasal respiration. 

The invention further discloses apparatus for detecting oro-nasal respiratory 
flow, comprising a nasal tube for receiving nasal respiratory flow and an oral tube for 
receiving oral respiratory flow, the pneumatic impedances of die nasal tube and the oral 
tube being arranged to be different so that the contributions of respiratory airflow from 
each said tube are substantially equal. 

Preferably, the respective pneumatic impedances are in a ratio substantially the 
same as the ratio of amplitudes of nasal respiration flow and oral respiration flow. 

Conveniently, the pneumatic impedances are arranged to be different by 
adjustment of the relative length of the nasal tube and the oral tube. In one form the 
nasal tube can be longer than the oral tube. The ratio of the nasal tube length to the 
oral tube length can be less than 5:1. Alternatively, the relative diameters of the nasal 
tube and the oral tube can be adjusted. The nasal tube can be of smaller diameter than, 
but the same length as, the oral tube. The reduced nasal tube diameter can be 
approximately 2/3 of the oral tube. Furthermore, the relative length and the relative 
diameters both can be adjusted. 

Preferably, the nasal tube terminates in two nasal prongs each arranged to be at 
the entrance of, or inserted into, the nares. The oral tube can terminate in an open 
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»ding «, b= an-anged proxin,ate *a momh. The oral mbe can comprise two bra«=hed 
ends or two separate tubes. 

In a preferred form at least the nasal prongs are contained within a nose tnask 
for sealingly engaging the face in the region around the nose. 

Preferably, said nasal tube and said oral tube conjoin into a common tube the 
common tube being for connection with electrical transducer means. The transducer 
can be a pressure transducer or an airflow transducer. 

Alternatively, the nasal tube and the oral tube can be separately connected with 
electrical transducer means. 

Advantageously, the apparatus further comprises baffle means for location 
proximate a patient's mouth, and wherein the open end of said oral tube is interposed 
between said baffle means and the patient's mouth. 

Preferably, said baffle element is shaped to generally direct oral respiratory 
flow to said open end of said oral tube. Yet further preferably, said baffle element is 
sh^ed to substantially cover the patient's mouth when at its fullest open extent. 

Preferably, the output signal of the pressure transducer is a representation of 
respiratory flow, and the signal is applied to circuit means to derive output signals 
indicative of resph-atory swing and snoring. 

The invention further discloses a method for monitoring oro-nasal respiration 
comprising the steps of locating a nasal tube in the vicinity of a patient's nares to 
receive nasal respiratory flow, locating a mouth tube in the vicmity of the patient's 
mouth to receive mouth respiratory flow, arranging the pneumatic impedances of the 
nasal tube and the oral tube to be different so that the contributions of respiratory 
airflow from each said tube are substantially equal, and converting, by electrical 
transducer means, flow in said oral tube and said nasal tube to a signal representative of 
oro-nasal respiration. 

Embodiments of the present invention advantageously offer improvements over 
the prior art by reducing the attenuation of the oral signal when it is conducted to a 



wo 96/41571 



PCT/AU96/00347 



- 5 - 

single pressure transducer in common with a nasal signal. Further, the embodiments 
reduce the relative disparity in amplitude between the oral and nasal signals, thereby 
allowing more consistent and continuous monitoring of oro-nasal respiration. Yet 
further, the positional dependence of the oral probe is reduced, thereby increasing the 
reproducability of measurement of the oral airflow for different degrees of mouth 
opening. 

Brief Description of the Drawings 

Embodiments of the invention now will be described with reference to die 
accompanying drawings, in which: 

Figs. 1 to 7 are prior art arrangements as already discussed; 

Figs. 8a and 8b are schematic diagrams of a first embodiment; 

Fig. 9 shows detail of the location of the oral tube end to the mouth; 

Figs. lOa-d show an embodiment of a mask to be worn by a patient that 
monitors oral and nasal respiration; and 

Figs. 1 1 and 12 show schematic circuit diagrams of a signal processing circuit. 

Description of Preferred Embodiments and Best Mode 

An embodiment of the invention is shown in Figs. 8a, 8b and 9, and comprises 
a pair of nasal prongs, each consisting of a short tube 15 of dimensions suitable for 
insertion into the lower portion of the nares without unduly blocking the flow of air 
from the nares to die outside world. The ends of these tubes 15 distal from the patient 
join together, either directly or via a small plenum chamber 16. After the joint, a 
single tube 17 continues, conveying the prong (nasal) pressure towards an electrical 
pressure transducer 19, 

Another single (or double) prong is held in proximity with the patient's mouth. 
The vertical location of the open end 20 of the mouth tube (or tubes) 21 is normally at 
or below the level of the bottom of the upper lip. The horizontal location of the oral 
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tube (or tubes) 21 may be the saggital midline of the mouth. It can be symmetrically 
offset from this midlme for two tubes. In either case the tube end 20 should locate 
approximately in the centre of airflow out of a slightly opened mouth. 

A baffle element 25 extends downwards from a location above the open end 20 
of the oral tube 21 to a level approximately half way between the top of the lower lip 
and the centre of the labial orifice when the mouth is fully open, as particularly shown 
in Fig. 9. The baffle element 25 redirects a portion of oral airflow towards the open 
end 20 of the oral tube 21 and may be curved at its lower extremity 26 to facilitate this 
function. With the addition of the baffle, the difference in pressure sensor output for 
constant respiratory flow but different degrees of mouth opening are significantly 
reduced. The oral tube 21 extends distally from the mouth towards an electrical 
pressure transducer 14. The oral tube 21 and nasal tube 17 conjoin at a junction 22 to 
form a common tube 18 connected to the pressure transducer 19. 

The diameter of the nasal and oral tubes 17,21 is limited by the impedance of 
the respective tubes to airflow. The impedance is approximately proportional to the 
inverse fourth power of the tubing diameter, meaning that very small diameters, no 
matter how comfortable for a patient, are not suitable for reason of displaying lag and a 
smoothing-out effects due to the physical transmission difficulties of the air pressure 
wave in the tube. Testing by the inventors utilising the applicant's Sullivan III CPAP 
machine with tubing of 1.7 mm inner diameter PVC tubing over a length of 2.56 m 
produced respiration measurements that included the attributes of snoring and flow 
limitation. Flow limitation is characterised by high-frequency components that would 
be the first to be attenuated for too small a tubing diameter. Thus it has been 
determined that a diameter of 1 .7 mm for the tubing performs satisfactorily for normal 
respiratory flow rates during the administering of CPAP treatment. It is possible that 
even smaller diameters will perform satisfactorily. 

The absolute lengths of the nasal tube 17 and oral tube 21 also have been 
investigated. An objective is to keep the respective lengths to be at least equal, and 
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approximately 25-30 cm so that the junction 22 can be formed at a point behind the 
patient's head. Testing was performed for lengths in the range 10 to 50 cm (both tubes 
being the same length at all times) for nose-only and mouth-only breathing with air 
flow at an approximately constant value. A normalised ratio of the resultant electrical 
flow signal for nose breathing to mouth breathing, with respect to a reference flow 
obtained by breathing through the nose (tube) with the mouth opening 20 blocked, was 
determined for each length. 

Tube Length (cm) Normalised ratio 

50 3.5 

40 2.4 

30 4.7 

20 4.8 

10 2.5 
Mean Value 3.6 



From these results it has been determined that any length in the range 10 to 50 
10 cm can be utilised, although 20 to 50 cm lengths are preferred, since this range covers 
most of physiological values for the half-perimeter of the head. The length of the 
common tube 18 should be long with respect to the lengths of the nasal and oral tubes 
17,21 and typically 150 cm. 

This foregoing study made the assumption that the lengths of the nasal tube 17 
15 from the prongs 15 to the junction 22 (dj,) is the same as the length of the oral tube 21 
from the opening 20 to the junction 22 (dm). Hence it has been determined that the 
absolute lengths are unimportant to the magnitude of an output pressure signal from 
either the nasal tube 17 or the oral tube 21, however the ratio of the two needs also to 
be considered. The ratio djdj^ is conveniently termed p. 
20 The act of breathing generates an air flow that is either into the respective tube 

(exhalation) or out of the respective tube (inhalation). Since the pressure transducer 19 
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is essentially a closed chamber, „„ continuous flow i. possible in flte t^sal tube 17 „ 
oral tube 21. hence tite kittetic energy of flowing air is converted into a pressure wave 
(potential) according to Bernoulli's equation. This equation can be simplified so that 
the output Signal 23 can be conside,«. as approximately directly proportional to the 
square of the velocity of fl,e incoming air stream. If the cross-sectional area of the 
physiological airway is constant, then «,e lit^ar velocity is constant as well. Under 
such conditions, the transduced signal 23 will be pt^portional to the square of 0^ 
volumetric flow rate. 

Proceeding on the assumption that there are air flows, and f„ at each of the 
mouth and nose, the signal generated at the mouth is M = k^f,2 .^g^j 
generated at the nose is N = k^^, where and k„ are coefficients depending on the 
area, physical conditions and the pressure transducer used. The total signal, T, as 
perceived by the pressure transducer 19 is modelled as a weighted arithmetil mean of 
the signals, with the weights equal to the distances to the other opening 15,20. 

■p- + d„M 
dm +d„ 

=> 7- dmk„ f2^_dj^Ki_r2 
dm+d„ " d^+d„-^"' 

For a single nasal prong 15, and especially for large mouth openings, the signals from 
the mouth are smaller than those from the nose, e.g. k, < k, if the tubing lengths are 
the same. This is due to the larger mouth area. For the total signal to be meaningft.1, 
the lengths of the respective tubing should be adjusted so that for a given flow rate, the 
signals from mouth-only and nose-only breathing are the same. In order to achieve this 
result, the ratio of coefficients and k„ must be determined. 

The ratio k„/k^ is termed a. To have similar values for the nose and mouth 
signals, M = N for a given flow rate. The above equation simplifies to be 

= d„ a, hence d„/d^ = 3, and so P = a. p has been previously determined in 
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relation to the study of the absolute length of the nasal and oral tubes 17,21 to be 
approximately 3.5. Thus the nasal tube 17 must be approximately 3.5 times further 
from the junction 22 than the mouth tube 21. This result relates to a "simple" mouth 
tube. As will be shown, the ratio can be closer to 5: 1 in use of the baffle element 25. 

When the mouth and nose signals are equal, the nose signal contribution is 
equal to l/(p + 1) of its maximum value (if there were no mouth tube), and the mouth 
signal contribution is equal to p/(p + 1) of its maximum value. Therefore, for p = 5 
(say), 5/6 of the nose signal is lost, but only 1/6 of the mouth signal is lost. 

The average signal obtained also was considered for a given value of p. The 
average can be expressed as: 

3P + 3 

For both a == 3.5 and a = 5, it was found that beyond the value of P = 2, 
there are only small additional losses in the average signal, hence the value of 3 > 2 
can be used if convenient without too much additional loss. 

A further result of the tests performed is that tiie signals obtained proved 
satisfactory by use of only a single pressure transducer, thus leading to the minimizing 
of costs, volume and the electrical complexity of the monitoring equipment. 

The physical location of the nasal cannulae presents no problem in obtaining an 
accurate assessment of nasal respiratory flow. It is a different situation concerning 
respiration by the mouth. 

Studies were done to determine the appropriate positioning of the end 20 of the 
oral tube 21 relative to the mouth. Thus measurements were taken for a number of 
locations of lateral and vertical displacement from the centre of the mouth. In 
particular, it was found diat the measured signal drops markedly when moving 
upwardly from the centre of a mouth, this presumably being due to shielding of the air 
flow by the upper teeth. The variation with lateral location was far less sensitive, there 
being only negligible loss of signal amplitude for points midway between the centre of 
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the mouth and the edges of the mouth. The effect of angle from the flow centreline 
also was investigated, and it was determmed that even up to a 45° deviation from the 
flow centreline still obtained a 75 % retention of the flow signal. 

Another requirement that resulted from the flow measurement testing was that 
the oral tube 2 1 in the vicinity of the opening 20 must be kept particularly stable in 
order to obtain good reproducability. Further investigation indicated ti.at the deflector 
arrangement previously described gave satisfactory results in that it re-directs flow so 
that it always enters the nasal tubing openmg 20 with the same orientation. 

The planar arrangement for the baffle 25 shown in Figs. 8 and 9 was preferred 
to an arrangement such as a three-sided single open-ended box. The dimensions of the 
baffle 25 also were considered. Tests were conducted for a variable width of the baffle 
25 commencing with the width of 7 cm down to 1 cm. Signal amplitude remained 
essentially constant down to 3 cm width decreasing to approximately 95 % of its value at 
7 cm m going to a width of only 1 cm. In order to maintain the baffle 25 as having 
sufficient rigidity, it has been determined that a minimum width of 2 cm is required. 
The length of the baffle also was considered. A length of 4 cm was estimated to be the 
maximum height of the mouth opening, and hence this distance was the limh for the 
"active height" of the baffle for physiological breathing. The "active height" is defined 
as the height over which the air flow is deflected before entering the opening 20 of Ae 
oral tube 21. Clearly the deflector has to be longer than its active height to allow for 
attachment to a background plate of the mask supportmg the deflector. 

So far as location of the opening 20 of the oral tube 21 is concerned, various 
positionings were investigated, and it was found that the optimal signal is obtained for 
the opening positioned at, or up to 1.2 cm above, the flow centreline. For a value of 
2 cm above the centreline, more than 62 % signal retention was obtained, however h 
became apparent that if the opening is located below the level of the upper teeth, 
exhalation can produce negative resultant signals. This thought to be due to some form 
of entraimnent. As a resuh, it was determined to locate the opening 20 in a position as 
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close as possible to the flow centreline and protruding 0.5 cm below the upper lip. The 
sensitivity to small changes in position of the nasal tube 21 for various mouth openings 
was found to be small. It was also determined, however, that the ratio of nasal tubing 
and oral tubing lengths should be closer to 5: 1 for the case of use of the deflector baffle 
25. This ratio represents the ratio of the impendances to flow of the two tubings 17,21 
that allows the mouth and nose to give similar contributions to the transduced signals. 

Whilst it is possible to adjust the relative impedances of the nasal tubing and 
oral tubing to give the desired 5: 1 ratio, it is equally possible to vary the diameter of 
the respective tubes whilst retaining them at equal lengths. Since impedance is 
approximately a function of the inverse fourth power, the diameter of the nasal tube 17 
need only be reduced by a factor of 5'^ = L5. 

It is equally possible to obtain the required impedance ratios by combination of 
adjustments of the lengths and diameters in accordance with the empirical techniques 
described above. 

Figs. lOa-d show an arrangement for the monitoring of oro-nasal respiration, 
in the form of a mask that is fastened to the head by means of a resilient strap fitting 
around the head of a patient. The strap 35 is secured to the opposed ends of a 
trapezoidal base plate (or mask body) 36. The mask body 36 typically is of silicone 
material, 2 cm thick, 6 cm in length and 2.5 cm in height at the ends. The height at the 
middle of the body 36 typically is 0.5 cm. The tubing attached to the mask is shown in 
Fig. 10b, together with the deflector plate 25 associated with the mouth prong 20. The 
nasal prongs 15 are approximately 2 cm long with a 1.5 cm spacing between them. 
The nasal tube 17 conjoins the oral tube 18 at the nylon Y joint 37, in turn coupled to 
the common tube 18 the nasal tube 17 has a typical length of 140 cm, the nasal tube 
being of length 45 cm. 

Fig. 10c shows the mask body 36 with the nasal prong 15 in place and the 
relative location of the deflector plate 25. The deflector plate has a typical length of 4 
cm and width of 2 cm. As shown in Fig. lOd, the deflector plate 25 is mounted off the 
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mask body 36 by a sustaining ellipsoid 38. Only a portion of the mouth prong 20 is 
shown, relevantly having a typical length of 1 cm in the plane of the deflector 25. 

The electrical signal 23 output from the ttansducer 19 is representative of 
respiratory flow, whether that be by the nose, the mouth or the nose and mouth in 
combination, must be processed to obtain meaningful information concerning the 
respiratory phenomena of respiratory "swmgs" and snoring. The swings are 
characterised by low frequency, high amplitude pressure variations, while snore is 
characterised by yet higher frequency, but lower amplitude pressure variations. The 
nature of these characteristics is antagonistic to amplifier and discrimination circuitry. 
The ability to determine instances of respiratory swing and snoring can provide the 
physician with greater diagnostic powers than by conventional oscillogram recordings. 

Fig. 1 1 shows a general schematic diagram of a signal processing circuit 30 to 
which the signal 23 from the pressure transducer 19 is input. Two output signals are 
derived, being a swing signal 32 and a snore signal 34. The SWING output signal 32 is 
a trace of the cyclic zero-crossing swing of respiratory flow. The SNORE output signal 
34 also is a continuous trace that not only indicates the occurrence of snoring, but also 
can be calibrated to give a measure of snoring, possibly in decibels. 

Fig. 12 shows a schematic circuit diagram of the signal processing circuit 30. 
The signal 32 from the pressure transducer is a direct measure of respiratory flow 
achieved by the Bernoulli effect. The signal is mput to a buffering amplifier 40 that 
can be differential in nature in the event that a two-wire pressure transducer is used. In 
the alternative, an internal reference voltage could be provided to such a differential 
amplifier stage 40 to provide an appropriate offset adjustmem. The output from the 
amplifier 40 splits into two signal parts relative to a determination of SWING and a 
determination of SNORE. In the SWING signal path, the signal passes to a low-pass 
filter 42, typically with a 5 Hz cut-off, to reduce noise such as that due to snoring. The 
output of the filter 42 is AC coupled by means of a capacitor 44 to a variable gain 
amplifier stage 46. There then follows a further amplification stage 48 in the nature of 
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either a two-level automatic gain controlled amplifier or a non-linear amplifier 
(typically square-law). The effect of the amplification stage 48 is to boost low level 
signals in amplitude relative to a high level signals, particularly since signals obtained 
from mouth breathing only can vary appreciably in consequence of the cross-sectional 
area of the mouth opening. The output from the amplification stage 48 passes to an 
optional low pass filter 50 providing noise reduction, and to a sealer/level shifting stage 
52 that provides appropriate adjustment of the signal level so that the SWING signal 32 
can be applied to further processing stages, and typically to an analog-to-digital 
converter having a voltage range of 0-5 volts, in turn being suitable for application to a 
microprocessor device. 

In the SNORE path, the signal output from the amplifier 40 passes to a low- 
pass filter 60 in turn to a high-pass filter 62, in the combination forming a band-pass 
filter. The band-pass frequency range typically will be 20-300 Hz, this representing the 
frequencies characterised by snoring. The output signal from the high-pass filter 62 is 
full-wave rectified by a rectifying stage 64. The rectified form of the band-passed flow 
signal is a first-order approximation of the power of the signal. If a better 
approximation is required, the rectified signal can then be squared in a squaring stage 
66 drawn as bemg optional. The signal then is low-pass filtered to remove harmonic 
components and noise in the filter stage 68, resulting in the output SNORE signal 34. 
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CLAIMS: 



1 • Apparatus for monitoring oro-nasal respiration comprising a nasal tube 
for receiving nasal respiratory flow and an oral tube for receiving oral respiratory flow 
the pneumatic impedances of the nasal tube and the oral tube being arranged to be 
different so that the contributions of respiratory airflow from each said tubes are 
substantially equal, and electrical transducer means to which both said oral tube and 
said nasal tube are coupled for generating an output signal representative of oro-nasal 
respiration. 



2- Apparatus for detecting oro-nasal respiratory flow, comprising a nasal 
tube for receiving nasal respiratory flow and an oral tube for receiving oral respiratory 
flow, the pneumatic impedances of the nasal tube and the oral tube bemg arranged to be 
different so that the contributions of respiratory airflow from each said tube are 
substantially equal. 



3. Respiration monitoring apparatus as claimed in either one of clahn 1 
or claim 2, wherein die respective said pneumatic impedances are in a ratio 
substantially the same as the ratio of amplitudes of nasal respiratory flow and oral 
respiratory flow. 

4. Respiration monitoring apparatus as claimed in claim 3, wherein the 
nasal tube is of longer length than the oral tube to effect said differem pneumatic 
impedances. 

5. Respiration monitoring apparatus as claimed in claim 4, wherein the 
ratio of the nasal tube length to the oral tube length is less than about 5:1. 
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6. Respiration monitoring apparatus as claimed in claim 5, wherein the 
diameter of the nasal tube is smaller than the diameter of die oral tube to effect said 
different pneumatic impedances. 

7. Respiration monitoring apparatus as claimed in claim 6, wherein the 
ratio of the nasal tube diameter to the oral tube diameter is about 2:3. 

8. Respiration monitoring apparatus as claimed in claim 3, wherein the 
nasal tube is of longer length than the oral tube and the relative diameter of the nasal 
tube is smaller than the diameter of the oral tube to effect said different pneumatic 
impedances. 

9. Respiration monitoring apparatus as claimed in any of claims 1 to 8, 
wherein said nasal tube terminates in a pair of nasal prongs, and said oral tube is open 
ended. 

10. Respiration monitoring apparatus as claimed in claim 9, wherein said 
nasal tube and said oral tube conjoin at an end opposite to said nasal prongs and said 
open end respectively to form a common tube, the common tube in turn being coupled 
to said electrical transducer means. 

11. Respiration monitoring apparatus as claimed in claim 10, further 
comprising a mask body carrying said nasal prongs and that can be worn by a patient, 
and from which depends a baffle arrangement diat, when said mask body is being 
worn, is proxunate die patient's moutii, and wherein a portion of said oral tube is 
mounted from said baffle in a manner such that said open end is interposed between the 
baffle and the patient's mouth. 
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12. Respiration monitoring apparatus as claimed in claim 11, wherein said 
baffle is of curved shaped to direct oral respiration to sa.d open end of said oral tube. 

13. Respiration monitoring apparatus as claimed in claim 12, wherein said 
baffle is of dimensions that resuh in coverage of the full open extent of the patient's 
mouth. 



14. Respiration monitoring apparatus as claimed in claim 1, wherein said 
electrical transducer means, in use, produces an output electrical signal that is 
representative of respiratory flow. 

15. Respiration monitoring apparatus as claimed in claim 14, further 
comprising an electrical circuit that receives said respiratory flow signal, imd includmg 
a first filtermg sub-circuit that generates an output signal indicative of cyclic zero- 
crossing swing of respiration. 



16. Respiration monitoring apparatus as claimed in claim 15, wherein said 
electrical circuit further includes a second filtering sub-circuit that generates an output 
signal indicative of the occurrence of patient snoring. 



17. Respiration monitoring apparatus as claimed in claim 16, wherein said 
first filtering sub-circuit comprises the cascade connection of a low pass filter, ac 
coupler and a 2-level non-linear amplifier, and said first filtering sub-circuit comprises 
a band pass filter and a full wave rectifier. 



18. A method for monitoring oro-nasal respiration comprising the steps of 
locating a nasal tube in the vicinity of a patient's nares to receive nasal respiratory flow 
locating a mouth tube in the vicinity of the patient's mouth to receive oral respiratory 
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flow, arranging the pneumatic impedances of the nasal tube and the oral tube to be 
different so that the contributions of respiratory airflow from each said tube are 
substantially equal, and converting, by electrical transducer means, flow in said oral 
tube and said nasal tube to a signal representative of oro-nasal respiration. 
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